Introduction
The European Seminars in Respiratory Medicine has represented an outstanding series updating new science in respiratory disease from the 1990's up to the early beginning of this 21 st century [1, 2] . Its aim is to start a new series updating issues and current science, focusing on the multidisciplinary approach to patients with respiratory disease [3] . As such, it represents a unique opportunity for specialists in Respiratory Medicine involved in Basic and Clinical Research to discuss topics and debated problems in medical care, at a top level forum guided by an expert panel of authors.
The structure of the seminar is based on the following pillars: • Attendance at the Seminars is strictly limited: selection of participants is based, in order of priority, on scientific curriculum, age (younger specialists are privileged), and early receipt of the application form. 
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• For each topic is allotted considerable time for presentation and discussion. The first section is devoted to a series of presentations (with adequate time allocated for discussion) by an expert panel of researchers and clinicians. In the second section involves discussions of controversial issues, in a smaller audience format encouraging interaction between the panel and audience.
• "Meet the expert" seminars discuss topical subjects in more depth, utilizing an interactive tutorial. The Seminar is accredited to provide continuing medical education (CME) for Italian physicians, with approval of up to 100 participants, providing 13 CME credits to professionals in the following specialties: Allergology and Immunology, Anestesiology, Cardiology, Geriatrics, General Practice, Internal Medicine, Pulmonology, Radiology, Rehabilitation, Rheumatology, and Thoracic Surgery.
The seminar faced the hot topic of inhalation therapy with an effective multidisciplinary approach aimed to evaluate, with particular regard, the determinants of adherence to treatment, representing a critical issue in the management of chronic airway diseases. In asthma and COPD, the adherence to treatment, representing a pivotal aspect in long term care, is usually poor, also according to the Italian Ministry of Health reports. Therefore, the assessment of the causes of this negative behavior and a correct approach to try to solve this open problem represent a very important issue in the long-term management of these chronic diseases
The objectives of this Seminar were: • Description of the current situation and open problems in asthma and chronic obstructive pulmonary disease (COPD).
• Analysis of currently available inhalation drugs and the role played according to specific phenotype.
• Discussion of the specific role of inhaler devices in patient management.
• Provision of several innovative examples of management approaches aimed to improve adherence to treatment.
Epidemiology of obstructive lung disease and adherence to treatment in asthma and COPD in Italy
The first epidemiological parameter, taken into account for health policies, is mortality. Analyzing twenty years of national statistics, it has been recently shown that the difference between cardiovascular and respiratory deaths has decreased in Italy from 479 to 252 per 100,000 from 1990 to 2014 [4] . In such a year, there were 41,397 deaths for respiratory diseases: of them, 20,181 were due to chronic diseases of lower airways (429 asthma).
The World Health Organization (WHO) European Detailed Mortality Database [5] (updated July 2016) indicates that Italy ranks 24 th out of 43 countries for age standardized death rate (12.8 per 100,000) due to bronchitis /emphysema / other COPD, whilst 10 th out of 39 for respiratory failure (1.5 per 100,000). Differently, Italy ranked third to last out of 43 countries for age standardized death rate (0.32 per 100,000) due to asthma.
The second epidemiological parameter, taken into account for health policies, is morbidity. The WHO European Hospital Morbidity Database [6] indicates that Italy ranks four to last out of 33 countries for in-patients per 1000 populations due to COPD (1.1) and second to last due to asthma (0.2). However, the COPD data are very much influenced by the political decision of many health authorities considering as inappropriate a diagnosis of COPD from hospital discharge. Thus, the analysis of the respiratory diagnoses related groups data in the Ministry of Health database [7] shows that, differently from most western countries, COPD decreased in Italy since 1999 (about 140000 hospital discharges) to 2014 (about 40000 hospital admissions), whilst the code "Respiratory failure / Pulmonary edema" increased in the same period from less than 20000 to near 140000 hospital admissions, overcoming in 2012 the code "Pneumonia / pleuritis" and thus ranking first among all respiratory hospital admissions.
Analyzing the relevant epidemiological literature of the period 1960-2007, it was highlighted a COPD prevalence increase from around 6 to around 9% [8] . Such figure has continued to increase up to 12.0% in the WHO European region [9] .
The European Respiratory Society spirometry tent data [10] has confirmed an increasing trend of airflow obstruction by age after 40 years, with an overestimate determined by the wrong fixed ratio criterion vs the correct lower limit of normal criterion. However, the figures from other information sources tend to under-estimate COPD prevalence: e.g. the December 2015 Health Survey organized by National Institute of Statistics (ISTAT), that collected data through at-home administered interviews to the components of 60.000 households distributed throughout the national territory, showed a national prevalence of 3.78%, with wide regional variations (Abruzzo and Sardinia: about 5%; Trentino Alto Adige about 2.5%).
Also the 2008-2012 Health Examination Survey conducted by the National Institute for Health (ISS) showed underestimated values of COPD prevalence rates: e.g., 5% in men and 3.4% in women aged 50-69 years.
Indeed, the respiratory epidemiological studies carried out by National Research Council (CNR) in general population samples living in Po Delta and Pisa areas since the '80s had shown in men prevalence rates of chronic cough and phlegm over 20% and of medical diagnoses of chronic bronchitis and emphysema between 5 and 7% [11] . Such studies were also the basis to ascertain the overlap of asthma, chronic bronchitis and emphysema, with or without airflow obstruction, through a Proportional Venn Diagram [12] . At last, the very recent publication covering a 25-year span [13] has reported a definite increasing trend for all chronic obstructive respiratory symptoms / diseases, as well as for airflow obstruction, with the highest increments shown by allergic rhinitis, usual phlegm, COPD, and airflow obstruction.
It is to note that the Italian Medicine Agency (AIFA) utilizes in its annual report on medicines use in Italy (Rapporto OSMED 2015) the prevalence rates for asthma (7.2%) and COPD (3.1%) derived from the Health Search data base of the Italian Society of General Practice. Such figures differ from those provided by Eurostat: 4.8% asthma, 5.1% COPD.
The quoted CNR general population studies let us also provide information on medicines use as directly reported by interviewed people. Simoni et al. [14] showed the following frequencies of habitual and occasional drug use in the Po Delta area: 19.4 and 5.0% in males, 32.0 and 6.1% in females. As a validation, the use of medicines used in the last 48 hours was quite similar between the CNR studies and the data provided by the National Health Service: 28.1 vs 26.3% in males, 40.1 vs 35.2 in females. When stratifying by disease category, medicines for broncho-pulmonary conditions had very low figures for habitual use (less than 5%). The same Authors later analyzed the data of both the rural area of Po Delta and the urban area of Pisa [15] . They confirmed a low habitual use (5.2%) for the broncho-pulmonary therapeutic group. Also, most people of the general population who reported presence of respiratory symptoms/diseases or impaired lung function did not use medicines. The underuse of medicines was lower in the urban than in the rural area.
The 2015 AIFA Report pointed out that the prevalence of the treatment with drugs for airways obstructive syndromes was 13% of the total enrolled population, with minor variations by gender and latitude, but increasing by age. AIFA uses for COPD five indicators calculating prescriptive appropriateness and adherence to prescribed treatment: Proceedings characterize subsets on subsets of such patients, ending with the single patient". In this attempt, "personalized medicine" in asthma includes different approaches to the management of the single patient taking into account specific clinical and functional findings (such as types and level of symptoms, frequency of acute exacerbations, comorbidities, presence of persistent airway obstruction or small airways involvement) and also specific skills, attitudes and practical issues (such as adherence to the therapy, knowledge of the disease and patients expectations) which may be specific for each single patient in terms of management strategies. In contrast, "precision medicine" focuses more on the specific etiologic and pathologic background underlying the disease in each single patient which may require the identification of specific targets of treatment (e.g., allergen immunotherapy or omalizumab in IgE-induced allergic asthma, mepolizumab or reslizumab in non-allergic eosinophliic asthma, etc.) [19] . This concept has been already considered in the new GINA 2014 guidelines, where it is suggested to distinguish "population-level medication choice" from "patient-level medication choice" [20] . Indeed, asthma is now defined as a "heterogeneous disease" which includes different clinical and biologic phenotypes, with the common characteristics of typical respiratory symptoms, large variability in airway obstruction, and of being sustained by a chronic inflammatory process of the airways. Different phenotypes have been described, particularly distinguishing "type-2 asthma" with an important eosinophilic inflammation which may be easily detected in blood or sputum samples, from "non type-2 asthma", where a neutrophilic or pauci-granulocitic pattern of inflammation may be observed in the airways [21] . These two different patterns of chronic airway inflammation are well known, and there are several demonstrations that they tend to remain fairly stable over time [22, 23] . There is also a different response to treatment, with non-eosinophilic pattern showing a poorer response to inhaled and systemic corticosteroids.
Other important factors not strictly related to the biologic basis of the disease, such as patient preference and practical issues (ability to use medication, adherence, cost of treatments) may more often require to consider different treatment options for the single patient.
Poor control of asthma and therapeutic options
Despite the large diffusion of guidelines for asthma management, recent data demonstrate that the level of asthma control is still poor. Several real-life observational studies published in the last 15 years report an adherence rate ranging from 14 to 50% of the asthmatic subjects examined. An internet-based asthma survey showed that in Italy the proportion of patients reporting a poor asthma symptom control was higher than 50% [24] , and this proportion remained substantially unchanged in a 4-years follow-up period [25] . The reasons for this poor adherence are manifold. In front of an unintentional poor adherence (due to forgetfulness, confusion, cost of medications), intentional low adherence (due to unperceived need, fear of side-effects, or cultural issues) is probably more relevant, because it is related to the perception of the disease and to the expectations of the patient from the treatment. In particular, patients tend to stop asthma treatment when the level of symptom control has been reached and maintained over a period of time, in the assumption that asthma is not a persistent disease requiring regular treatment. This concept is difficult to be changed, and despite education and empathic discussion with the patient, the majority of patients intentionally stop drug use when they do not have symptoms. This is the reason why different strategies should be considered for each single patient in order to satisfy the willingness of the patient to self-manage his/her disease and the need to maintain an adequate level of treatment. The analysis of such indicators highlights appropriateness and adherence levels to be improved for several therapeutic areas, with important variations by region, gender and age-group.
Thus, AIFA pinpoints the importance of achieving optimal appropriateness and adherence levels through the participation of all medical doctors and allied health professionals, patients and care-givers.
The recent CNR studies on assessment of recommendations (Rec) / guidelines (GL) application in general practice have shown higher value of appropriateness according to new GOLD Rec (61.4% vs 35.6%) and a higher value of over-treatment according to old GOLD Rec (52.8% vs 25.0%) [16] . GPs' adherence to treatment in accordance with GOLD severity classification was higher in the most severe patients than in the mild ones.
Similar findings were shown for treatment appropriateness following ARIA GL: 57.2% in patients with only allergic rhinitis, 46.3% in those with combined allergic rhinitis and asthma [17] . Such average figures depended on disease severity, ranging from 48.5 and 23.1% in mild intermittent to 88.6 and 95.0% in moderate -severe persistent patients.
In conclusion, future epidemiological surveys, beside monitoring traditional indicators (mortality, morbidity, prevalence and incidence of symptoms / diseases) should also collect information on prescriptive appropriateness and adherence to prescribed treatment in general population samples in order to find determinants of insufficient treatment adherence and suggest ways to overcome it.
Analysis of currently available inhalation drugs and personalized treatment in asthma
What is "personalized treatment" in asthma?
Over the recent few years, much attention has been given to the so called "personalized therapy" in the management of many respiratory diseases, including asthma. There is no clear consensus on what this expression means, especially in terms of difference with "precision medicine". According to some Authors [18] , personalized medicine is "the final outcome of a long process of examining a disease, starting at the population level and using various approaches and disciplines to pime pime pime pime p pi im me e EDITRICE 
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"Flexible" therapy for mild to moderate asthmatic patients
Patients with mild to moderate asthma are now defined as patients in whom a good control may be reached with step 1 to step 3 level of treatment, according to GINA guidelines [20] . In these patients who tend to self-reduce the level of asthma symptoms or to withdraw drugs when there are no symptoms, a more "flexible" approach to the asthma management may be suggested, in order to partially comply with the patients' expectation, without the risk of a loss in asthma control. Furthermore, the level of activity of the disease is also variable over time, in relationship with the multiple environmental triggers of asthma.
As needed treatment
Some studies tried to assess if treatment with inhaled ICS or LABA/SABA (short acting beta agonist) +ICS combinations, used only when symptoms appear, might be an acceptable option in alternative to regular treatment with low dose ICS in mild asthmatics. The BEST study compared the rescue use of salbutamol/budesonide (BDP) inhalation with the regular use of regular low dose BDP or rescue salbutamol alone [26] . Rescue salbutamol/BDP treatment was as effective as regular low dose BDP in inducing a 50% reduction of the moderate exacerbations rate in comparison with salbutamol rescue medication alone; in addition, rescue salbutamol/BDP was associated with a 75% reduction in the total dose of ICS administered during all the study period, in comparison with regular low BDP use. This observation however was not confirmed in a similar pediatric population [27] and in another population with more severe asthma [28] . New randomized controlled trials are currently in progress, with the aim of definitely confirm the potential usefulness of rescue ICS/LABA combination use in these mild asthmatics [29] .
Maintenance and reliever therapy (MART strategy)
In moderate-severe patients, low adherence may be associated with higher risk of moderate-severe asthma exacerbations. The attitude to reduce or stop regular treatment is frequently observed in these patients as well, mainly in relationship with the poor knowledge of the disease and the willingness of self-management. For this reason, the so-called "maintenance and reliever therapy" (MART strategy) has been developed, in order to gain an acceptable compromise between the willingness of the patient to have the lowest possible treatment for asthma and the efficacy in preventing moderate-severe asthma exacerbations. Acute asthma related events are associated with a greater decline in FEV1 in mild recent-diagnosed asthmatic patients, and in these patients ICS use has been shown to reduce the rate of FEV1 decline [30] . Several studies have largely demonstrated that budesonide (BDP) formoterol combination -reviewed in [31] . as low dose maintenance treatment and also as rescue medication in the presence of symptoms, were able to significantly reduce the rate of moderate-severe asthma exacerbations in comparison with other alternative strategies including regular use of ICS or ICS/LABA combinations [32] . This approach was possible for the rapid-onset action of the bronchodilation obtained with formoterol, which is not much different from salbutamol under this specific respect. The important effect of this strategy on the rate of asthma exacerbations may be explained by the time course of symptoms and rescue medication use in the few 4-5 days before the occurrence of a moderate-severe asthma exacerbation requiring oral corticosteroids [33] ; the increase in the ICS dose during these days due to the rescue use of the ICS/formoterol combination may explain the reduction of moderate-severe exacerbations. In addition, this strategy is associated with a reduction of the mean dose of ICS administered during the stable phase of the disease (this point is appreciated by the patient who wont to use the minimally effective dose of drug) and with a high acceptance by the patient who want to selfmanage their disease.
Obviously, both the aforementioned strategies require that the patient is a good perceiver of asthma symptoms, in order to "catch" the minimal changes in symptoms frequency and severity, and then to use properly the rescue doses of the drugs, leading to a rapid resolution of the impending exacerbation.
Tailoring therapy in asthma
Personalized medicine (more specifically precision medicine) may regard some specific asthma pheno-endotypes, which may require an intervention on the specific mechanism of the disease in each individual patient (Table 1) .
Allergic asthma is a well-known pheno-endotype: it frequently starts in early age, is associated with type-2 pattern of airway inflammation (characterized by blood and/or sputum eosinophilia) and is associated in general with a good prognosis, although a minority of these patients may reach a high level of asthma severity which may be uncontrolled by the usual inhaled drugs. In these patients, allergen-immunotherapy may be a new option, considering that a recent study has demonstrated the efficacy of two dose regimen of well standardized allergen extracts of house dust mite on the prevention of asthma exacerbations induced by a progressive reduction in the ICS dose [34] . Similarly, in severe allergic asthmatics with pre-specified levels of serum IgE and sensitization to perennial allergens, the monoclonal antibody omalizumab is strongly recommended, due to the high efficacy in improving asthma control and reducing the frequency of asthma exacerbations [35] .
Non-eosinophilic allergic asthma is another pheno-endotype which may potentially require a specific therapeutic approach. It is well known that in some patients, mainly affected by mild-moderate asthma, the airway pathology is sustained by a low Th2-expression inflammatory pattern (with neutrophils being often the predominant inflammatory cells), which may be less sensitive to corticosteroids. Steroid-naive symptomatic asthmatic patients with low sputum eosinophil percentage (<3%) had a very high negative predicting value for improving FEV1 or bronchial hyperresponsiveness after a onemonth treatment with ICS [36] . At this time, there is no study showing that bronchodilators only may be used in this subgroup of noneosinophilic asthmatic patients, and further well-performed clinical trials would be recommended [37] . In a limited number of observations, the response to tiotropium in moderate-severe asthmatics was related to the percentage of neutrophil but not to eosinophil concentration in the induced sputum [38] .
Recently Proceedings year, including all asthmatics in Europe is $ 1900, which seems lower than USA, estimated mean $ 3100 [42] . The socioeconomic burden of asthma is substantial in Europe and is strongly associated with disease severity and diminished quality of life [43] . According to a study carried out in Italy [44] , the average annual cost of drug treatment for an adult patient suffering from asthma is about € 1434. Due to the importance of this disease, expenditure on its treatment and the current need to keep public health care expenditure in check, it is necessary to investigate the prescription of antiasthmatic drugs in terms of appropriateness and sustainability of expenditure using the real population of local health care units. In recent years, researchers have pointed to the persistence of problems connected with drug use, such as choosing the wrong medication, incorrect duration of treatment, inadequate dosage regimens, and undertreatment [45, 46] . For this reason, an analysis was also carried out on the appropriateness of prescribing for asthmatic patients by general practitioners in a local health care unit, Milano 2 local health care unit [1] . Based on this analysis, it has been suggested implementation of better health care planning and more appropriate prescription practices aimed at optimizing use of health care resources for the treatment of bronchial asthma. The results of the study should be extended to other regional/national reference local health care units, in order to define and compare average standard costs per disease and consolidated through the wide sample considered.
In the context of reduction and optimization of national health care expenditure has been developed tools for monitoring health care and drug expenditure, with the aim of controlling expenditure and assessing the achievement of targets in national and regional health care planning. The local/regional health service units currently have the following digital databases: personal detail databases, pharmaceutical databases, hospital illness databases. These sources and their integration are a powerful tool supporting conventional methods used in epidemiological studies [47] . Administrative databases offer low-cost information and, unlike other systems used for monitoring and assessment of quality of care, they do not require additional investment in terms of resources. Data contained in administrative databases are a by-product of economic and administrative operations, so characterize patients as "consumers" of health care system services. Assessment of drug utilization using databases enables us to determine consumption and prescription terms for an important sample of the asthmatic population, to define total and per capita costs for the disease and to suggest policies aimed at implementing expenditure appropriateness and optimization by detecting benchmarks between districts, physicians, different time periods, consumption by age and gender, and geographic distribution of the disease. However, it is important to highlight that use of administrative databases has some limitations. The main limitation of administrative databases is indeed the lack of clinical data; because they are created for accounting purposes, they omit important information on, e.g., patient lifestyle, symptoms, diagnoses, and intermediate outcome indicators.
Being able to measure and understand the concept of appropriateness of therapy and drug utilization are not only critical to determining the effectiveness and safety of a certain drug, but they are also important for the creation of programs aimed at improving the quality of drug use. The appropriateness indicator that was chosen in the analysis was the number of packs used, because the data sheets for antiasthma products as well as the relevant guidelines, recommend following a daily dosing regimen in order to achieve and maintain asthma control [41] .
In order to assess prescribing medications, indicators of appropriateness were 1-3 packs per year (underdosed, inappropriate), 4-12 packs per year (presumably appropriate), and 13 packs per year in uncontrolled patients with blood eosinophilia, these drugs may determine a more than 50% reduction in the rate of moderate-severe asthma exacerbations, with associated significant improvement in pulmonary function and quality of life [39] . Other biologic drugs with a specific target on different cytokines, (such as IL4/IL13) with a more "central role" in the Th2 cascade (Lebrikizumab, Dupilumab, Tralokinumab), are in progress, and may represent an important alternative in this subgroup of severe asthmatics selected according to different biomarkers (like serum periostin or exhaled nitric oxide) [49] .
Conclusions
The aim of asthma management is still to obtain the control of symptoms and the reduction in the future risk [20] . To this end, it is important to consider the characteristics of each single patient, not only in terms of a potential specific pheno-entotype but also in terms of particular attitudes, expectations and adherence of the patient. Therefore, each physician needs to find the best strategy for each single patient.
The inhaled drug currently available (ICS, ICS/LABA ad LAMA) may allow to choose the best strategy among the different available options (regular treatment, occasional treatment, MART strategy, etc.), in order to improve compliance and self-management, reducing the drug burden and then "tailoring" the approach to the management of asthma.
Specific molecular targets for intervention are represented by allergic asthma, where allergen immunotherapy (in mild asthmatics) and anti-IgE monoclonal antibodies (in severe asthmatics) may represent important specific options, and severe eosinophilic allergic asthma, where the new currently available anti-IL5 monoclonal antibodies represent an important therapeutic resource in this small group of uncontrolled patients.
In the future, the personalized therapy will be increasingly more important in the management of asthma, both using the inhaled drugs that are currently available, but also using the old and new biologic drugs with specific biomolecular targets.
Cost/benefit evaluation of different treatment approaches
Asthma is a common complex chronic airways disease, with a significant burden for the society and for patients' quality of life. Indeed, asthma is considered to be one of the major health problems in the Western world [41] . Patients with asthma can have both short-term treatment for asthma exacerbations and long-term treatment to obtain and maintain asthma control [42] . The decision to start regular treatment depends on the severity of asthma at the time of diagnosis, and on the frequency and severity of exacerbations. A progressive, stepwise approach to drug therapy is recommended, with selection of the best options for the individual patient based on disease severity [41] .
The concurrent treatment of asthma and its co-morbidities increases the direct costs of treatment. However, the lack of asthma control associated with deficient treatment leads to frequent emergency visits and hospital admissions, mainly in elderly people, and increases total costs of asthma management [42] .
Although asthma is usually recognized as a costly illness, the total costs to society (direct, indirect and intangible asthma costs) are difficult to estimate, mainly due to different disease definitions and characterizations, but also to the use of different methodologies to assess the asthma socioeconomic impact in different societies. The asthma costs are very variables from country to country, however, according to recent analysis, it has been estimated that a mean cost per patient per 
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(overtreatment, inappropriate). Indeed, prescription of over 12 packs per year by the physician may expose the patient to side effects due to overdosing, with a consequent waste of health care resources. The use of fewer than four packs per year is also to be considered inappropriate, because drug treatment must be constant in order to achieve control of the disease and avoid exacerbations. Appropriate drug prescribing is of critical importance in order to achieve therapeutic objectives and to optimize the use of resources in modern health care systems. Adherence to antiasthmatic therapy is another key aspect. Indeed, adherence is one of the pillars of the patient's health management in the control and prevention of progression of the disease. Adherence can be assessed using the medication possession ratio indicator (MPR), that is the sum of the days' supply for all fills of a given drug in a particular time period, divided by the number of days in the time period, a patient is deemed to be adherent when their MPR is 80% [48] .
Poor adherence to inhaled corticosteroid therapy is recognized as contributing to failure of treatment, with a consequent increase in morbidity, mortality, and consumption of health care resources [1] . In view of the importance of continuing drug therapy, especially in chronic diseases such as asthma, it is important to quantify the number of patients who are genuinely persistent in taking their medications. When taking of medication deviates from the prescribed regimen, situation-specific changes in the risk/benefit ratio can arise, with a decreased benefit, an increased risk, or both [6] . A number of studies have demonstrated that inadequate adherence (how far the patient follows the prescribed regimen of doses and administration intervals) and persistence (duration of time between beginning and discontinuing therapy) results in increased morbidity and mortality for a wide variety of diseases, and at the same time, significantly increases costs related to health management.
If asthma treatment costs increase, the availability of tools able to compare data on the use of health care interventions in terms of incremental cost per increment in efficacy clearly become of great importance. It is also necessary to transform such tools in a constant point of reference for the physicians and the health care policy makers choices. Appropriate drug prescription and good adherence with the therapy are of critical importance in order to achieve therapeutic objectives and to optimize the use of resources in modern health care systems.
Inhaler devices: A key role in the asthma personalized action plan
The prevalence of asthma has increased over the past decades and it is expected to grow further all over the world. Once diagnosis of asthma has been made, a successful asthma management aims to control respiratory symptoms and exacerbations, most of the time through an ad hoc inhaler device therapy when needed.
In clinical practice, patient's involvement by respiratory physicians has become crucial to improve asthma treatment. It helps patients to become aware of their disease and it reduces exposure to environmental trigger factors and comorbid conditions that contribute to asthma severity. On the other hand, self-reported symptom control such as daily PEF monitoring and quality of life questionnaires helps clinicians to estimate asthma severity more accurately. It is indeed common to misunderstand "asthma severity" with "uncontrolled asthma". Asthma severity is based on the level of treatment needed to control respiratory symptoms, it is evaluated retrospectively and over a long period, whereas asthma could be poorly controlled by incorrect inhaler technique and/or poor compliance to treatment.
Inhaler devices for asthma
Over the past few years it has been recognized the high prevalence of patients with poorly controlled asthma [49] . Once clinicians have decided to start patients on new inhaler therapy, three steps should be taken into account: drug choice, inhaler device choice and patient training in use of inhaler. Any inhaler device requires a correct inhaler technique in order for the drug to be delivered properly to the lungs and to be effective. By contrast inhaler mishandling compromise bronchodilatation and/or anti-inflammatory action on the bronchial tree leading to uncontrolled respiratory symptoms and increased exacerbation risk [50] . Three main types of inhaler devices are available, the pressurized metered dose inhaler (MDI), the dry powder inhaler (DPI), and the soft mist inhaler (SMI). MDI was introduced in the 1950s and consist of a pressurized canister, a metering valve and stem, and a mouthpiece actuator. It requires that the patient exhales completely before inhaling the medication, actuates a coordination between simultaneous inhalation and device activation immediately after, that inspires slowly and continuously during inhalation and finally holds breath for at least 10 s [51] . An incorrect procedure could deposit the drug in upper airways causing side effects in the mouth and the oropharynx. Patients who experience coordination problems often are asked to use an additional spacer device which most of the times results in patients lack of compliance because it is cumbersome. DPIs were introduced in the 1980s to exceed these limits: coordination is not needed and inhalation should be fast and start immediately. However, DPIs have different internal resistance and a flow-dependent dose emission. The turbulent flow depends on the speed of the inhalation maneuver. There is a minimum threshold energy required to produce particles with appropriate size able to reach the bronchial tree. Inspiratory flow rates of 30 to 60 L/min are required to disaggregate and aerosolize the drug when using a DPI device [52] . Some studies have highlighted that young children and patients with severe airway obstruction have experienced problems using a fast inhalation flow. Airflow obstruction increases the need for inhaled bronchodilator therapy, but can decrease the effectiveness of that treatment. In these cases, to improve aerosol delivery into the lungs, the patient should be encouraged to use a slow breathing pattern with a normal tidal volume and an occasional deep breath using alternative devices [53] . In patients affected from severe asthma not well controlled by high dose inhaled glucocorticoids plus a long-acting beta agonist, it has been shown that tiotropium could be beneficial [54] . The Respimat SMI is an alternative to MDIs that forces a drug solution through a series of channels leading to two nozzles that focus two fluid jets into a precisely calculated convergence producing a vapor of inhalable droplets. SMIs release the medication in a soft mist, which lasts in the air about six times longer than the aerosol from an MDI. The lower velocity of the aerosol decreases oropharyngeal deposition. The longer duration of the aerosol cloud increases the window for successful inhalation, thus reducing problems with co-ordination between actuation and inhalation [55] .
Patient education in inhaler use and compliance to treatment
Optimizing inhaler use for each individual asthma patient is therefore a key point that should be highlighted in clinical practice to improve compliance to treatment. Patients should be trained by experienced people, doctors and nurses should spend enough time to offer simple and clear instructions. When patients are admitted to hospitals there is usually plenty of time for doctors and nurses to experience different devices, to teach patient the inhalation technique and to evaluate it. Conversely, during follow up visits in clinics it could be the case that this procedure may be seen as time-consuming and provision of 
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Most asthmatic patients, however, can be managed successfully in primary care according to widely accepted guidelines [66, 67] . A bulk of large, randomized clinical trials have found that, apart from a relatively small proportion of patients with "difficult asthma" requiring specialist referral and supervision, the disease may be totally or well controlled by trigger avoidance and inhaled medications [68, 69] . Conflicting with this possibility, and despite the current asthma guidelines stress the importance of assessing and enhancing adherence to asthma treatment, medication adherence rates in individuals with asthma are consistently low in practice [66, 67] .
Adherence and nonadherence to asthma treatment
The benefits of drug therapy for asthma have been well established. The main goals of adult asthma management are i) to achieve and maintain control of symptoms, and ii) to prevent or attenuate asthma exacerbations. In a relevant proportion of patients, it is also possible to improve and maintain pulmonary function and achieve an acceptable level of physical activity; to avoid the progression towards irreversible airflow obstruction, and to prevent deaths from asthma. There is currently no cure for most types of asthma, and achievement and maintenance of these goals may depend on appropriate patient education and adoption of flexible self-management programs. Over the past few decades we have witnessed several phases in the development of approaches aimed at ensuring that patients continue therapy for chronic conditions for long periods of time. Initially the patient was thought to be the source of the "problem of poor compliance". Later, not only the term "compliance" has mostly been superseded by the term "adherence", which acknowledges the patient's rights to choose to take the prescribed medication or to follow other healthcare-related advice, and eliminates the concept of blame if this does not occur [70, 71] . In addition, the role of the providers and other stakeholders was also addressed. Now we acknowledge the complexity of nonadherence to asthma treatment and we are aware that a systematic approach is required. The idea of compliance is associated too closely with blame, be it of providers or patients; thus, the concept of adherence seems a better way of capturing the dynamic and complex changes required by many players over long periods of time to maintain optimal health in people with chronic diseases.
Failure to adhere to a regular management plan for asthma (including the regular taking of preventive therapies) results in poor asthma control which has clinical consequences, such as symptoms and exacerbation of asthma, and decreased quality of life for the patients, as well as economic consequences, such as emergency department visits and increased hospitalization, resulting in health care redundancy and unnecessary high costs.
Despite nonadherence to prescribed medications is a widely perceived phenomenon, it continues to be a frequent and underscored problem in patients with asthma even in recent years. The causes for nonadherence are many, including physical, psychological, cognitive, sociocultural, and economic issues. There are numerous reasons why patients do not take their medications properly. For example, some find the cost of the medications unaffordable while others skip their doses because they are afraid of possible side effects, and of course some others are just plain forgetful. In addition, due to the intra-individual variability of their disease, patients are prone to be confused by the erratic presentation of symptoms. However, better education and automated reminders can help improve adherence.
Objective measurement of adherence should be implemented whenever possible. Review of pharmacy refill data or electronic monitoring of inhaler actuation may be a preferred method to assess adherence. Educational programs should be specifically designed to address the unmet needs and specific reasons for nonadherence for the target population.
written materials such as patient information leaflets or multimedia methods such as video demonstrations, touch-screen computer or webbased teaching, could be helpful. There are only few studies so far looking at the effectiveness of inhaler training. In one small study the best results were achieved when verbal and written instructions were provided at the same time [56] . However, any training system should address different patient education levels, not everyone is able or willing to read written information or multi-media or touch-screen computers. Overall, face-to-face demonstration seems to be the most effective way to train patients. It is worth noting that increasing awareness of the importance of correct maneuvers is a crucial step towards improving asthma control because patient education has been shown to improve compliance to treatment [57] .
After being trained patient should be enough motivate to both maintain proper inhaler technique and to continue on treatment. Some studies observed that repeated instructions in inhaler technique improve adherence to therapy and asthma outcome [58] . In real life patients make several errors with inhalation device, so it is also worth assessing inhaler technique in different occasions. It could be useful therefore asking General Pratictioners (GPs) and pharmacists to contribute to motivate and supervise patients from time to time to give a valid feed-back to clinicians. Armur et al. demonstrated that a Pharmacy Asthma Care Program improved outocomes for patients in the community [59] .
Conclusions
Evidence from systematic reviews and meta-analyses suggests equivalence among nebulizers, MDIs, and DPIs for delivery of bronchodilators and glucocorticoids when used correctly [60] . Thus, the selection of an aerosol delivery device is usually based upon the preference and convenience of the clinician and patient, the ability of the patient to use the device correctly rather than a clear superiority of one device over another [61] . Choosing the appropriate inhaler device, training the patient in inhaler use and providing patient education is challenging and is meant to be a shared responsibility among physicians, respiratory therapists, nurses and pharmacists. Devices able to analyze spontaneous inhalation profiles and to provide feedback about inhalation rate could help clinicians in choosing the optimal inhaler, but more knowledge is needed to improve these fields [62] . Patient education and involvement is essential to create a partnership between health care professionals participating in clinical care and patients because it represents one of the keystones of successful asthma management. Despite national and international guidelines there is still little evidence on the best strategies for implementing recommendations and there is a need for additional studies about patients personalized asthma action plan [63] .
Adherence to asthma treatment: Myth and reality "DRUGS DON'T WORK in patients who don't take them." "There are all kinds of things you can do to marry literacy with health."
C. Everett Koop
A recent publication of the European Respiratory Society has pointed out that asthma is a highly prevalent disorder of the airways that affects people of all ages in all European countries as well. In whole Europe about thirty million people -children and adults under 45 years of age -suffer from this disease [64] . Asthma has a relatively low fatality rate compared to other chronic diseases. According to the latest WHO estimates, released in December 2016, there were globally 383,000 deaths due to asthma in 2015 [65] . 
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The participants at the WHO Adherence meeting held in June 2001 concluded that defining adherence as "the extent to which the patient follows medical instructions" was a helpful starting point [72] . Subsequently, the issue of adherence to long-term therapies in a number of chronic diseases states including hypertension, diabetes, smoking cessation, and asthma has been thoroughly addressed by the WHO [73] . Although most research has focused on adherence to medication, adherence also encompasses numerous health-related behaviors that extend beyond taking prescribed pharmaceutical agents [74] .
Nonadherence to treatment is a common problem that can threaten patients' health individually as well as add huge costs to the health care economics and challenge the efficiency of public health system. In operational terms, the variables of adherence are defined as: "not filling a prescription", "not taking medication", "errors in dosage intervals", "reducing doses", "taking extra doses" and "taking additional nonprescribed medication". Surprisingly, nonadherence is also common among patients with difficult asthma. In an interview-based investigation, it was found that 35% of patients with difficult-to-treat asthma, who had been referred to specialized centers for assessment, had filled less than 50% of prescriptions for inhaled fixed-dose combination therapy, with 88% of them admitting poor adherence after initial denial [64] . Whereas the types of nonadherence varies from the most frequent 'dose missing' to the less common 'not refill in time' and 'stop taking drugs', adherence is a complex and multifaceted phenomenon that may be influenced by a number of factors.
The failure of asthmatic patients to adhere to physician-prescribed regimens, either pharmacologic or behavioral, has been well documented in medical literature [75, 76] . Poor adherence to asthma medication regimens has been repeatedly demonstrated in both children and adults, with rates of nonadherence commonly reported from 30 to 70% [70] . Medication regimens for asthma care are particularly vulnerable to adherence problems because of their duration, the use of multiple medications, and the periods of symptom remission. The clinical effects of this nonadherence by asthmatic patients can include treatment failure, unnecessary and dangerous intensification of therapy, and costly diagnostic procedures, complications, and hospitalizations. Inhaler competence, the skill to inhale correctly, is particularly relevant for asthma medication, as inhaling of drugs requires considerable skill and practice [77] . Even if medication is taken daily, deposition in the lungs will be low with incorrect inhalation technique. Although the measurement of adherence is an important component of both medical and behavioral interventions to control asthma, relatively little research has directly addressed the reliability and validity of the measures most widely used to assess asthma medication compliance. Common measures used to assess adherence to asthma medications include direct measures, which confirm the use of medication by assaying it in blood, urine, or saliva, or which confirm the ability to use a medication, such as observed skill in using a metered dose inhaler or dry powder inhaler. Indirect measures infer use with varying degrees of reliability, by use of clinical judgment, self-report/asthma diaries, medication measurement, and electronic medication monitors. There are, obviously, limitations in using these measures due to their low sensitivity and specificity, but their discussion is beyond the purpose of this review.
Understand and solve the problem of nonadherence
Poor adherence to treatment regimens has long been recognized as a substantial roadblock to achieving better outcomes for chronically diseased patients. In general, factors related to or involved in adherence to medications are related to five domains: i) patient-related, ii) disease-related, iii) therapy-related, iv) health system-related, and v) social/cost-related. Regression modeling, a statistical technique that assesses the independent strength of the relationship between two variables while holding other factors constant, identified the six key predictors of medication adherence. In order of importance, these include: 1. Patients' personal connection with pharmacist and pharmacy staff 2. Patients' level of information about their health status 3. Patients' affordance of prescribed medications 4. Patients' perception of importance to take medications exactly as prescribed 5. Patients' level of continuity in health care 6. The extent to which medications may cause adverse side effects.
These predictors point out a variety of routes by which both doctors and pharmacists can address better health outcomes by informing patients and their caregivers of the importance of treatment adherence.
Intuitively, the systematic assessment of adherence is of cornerstone importance, and efforts should be made to ensuring it in as larger as possible number of asthmatic patients. However, one must take into account that a number of other factors including inhaler handling, the persistence of asthma triggers, and the presence of comorbidities in patients that are unable to reach an optimal or good control of their asthma should also be addressed by physicians and pharmacists pro-actively. Hence, the patient should not only understand the concept of inhaled therapy for asthma control, but also be aware that poor inhalation technique may be a straightforward determinant of failure of asthma therapy. Patients with poor or incorrect inhalation technique must be re-trained by means of direct tuition or freely available videos in the website. Furthermore, the persistence of asthma triggers is a common feature of uncontrolled asthma. Thus, efforts should be made to identify persistent sources (often perennial, domestic and/or occupational) of sensitizing allergens and nonspecific respiratory irritants including cigarette smoking. A short checklist of key questions for the assessment of adherence and persistent asthma triggers is reported in Table 2 .
A recent systematic literature search and meta-analysis has shown that despite heterogeneity among studies in terms of definitions of adherence and asthma exacerbations, the majority of the high-quality pime pime pime pime p pi im me e EDITRICE Table 2 . Checklist for the assessment of adherence and persistent asthma triggers in patients with poor controlled asthma. 
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Conclusions
The global burden of asthma, a chronic, inflammatory disease of the airways, is considerable. Its effects include reduced quality of life, lost productivity, missed school days, increased health-care costs, the risk of hospitalization and even death. As a rule, medications are used to treat, cure, and prevent illnesses and their consequences. Although effective treatments that have been shown to dramatically reduce asthma morbidity are available, they are effective only when properly used by patients. Thus, they play a prominent role in the treatment of asthma and other chronic diseases as well. Failing to adhere to prescribed therapeutic schedules contributes to an array of poor health outcomes in asthmatic patients. Because human behavior is the necessary interface between good therapies and therapeutic effectiveness, both clinical researchers and clinicians should be aware of the myriad of factors associated with patient adherence. There are numerous reasons for which patients do not take their medications properly. For example, some find the cost of medications prohibitive while others skip their doses out to avoid side effects, and of course some are just plain forgetful of taking them. However, one should keep in mind that better education and automated reminders could help improve adherence to prescribed treatment of asthma (Table 3) .
There is an urgent clinical need for systematic, proven methods to assess and address medication nonadherence in patients with asthma. Large, well designed clinical trials to investigate the efficacy of remote electronic monitoring and reminder systems to improve adherence are needed. Inadequate adherence and treatment discontinuation are intrinsic to the nature and variability of asthma and good adherence tends to be associated with lower risk of severe asthma exacerbations.
Poor health literacy has been identified as a major cause of medication non-adherence, and failing to adhere to prescribed medication regimens contributes to an array of poor health outcomes.
A comprehensive program of asthma care should include patients' tuition on the correct of inhalers and self-management plan. In addition, adherence should be routinely assessed in the real life by interviewing patients, and reviewing prescription and refill frequency. Adherence with controller medication should be encouraged even when symptoms are mild, infrequent, or absent. Finally, adherence to asthma treatment should be routinely addressed by using a non-judgemental approach within the context of a poor adherence before considering a step-up in the treatment of asthma.
The distance between myth and reality of adherence to prescribed medication is huge as yet. Despite the relationship between health literacy and the capacity to learn asthma self-management skills is unknown, the current evidence supports the concept that an improved knowledge of the disease may be beneficial in terms of adherence. Therefore, intervening at the interface between patients' health literacy and adherence to prescribed medications may be of strategic importance to overcame the nonadherence of asthmatic patients and its detrimental effects on their health and wellbeing. studies consistently reported an association between low adherence and higher risk of severe asthma exacerbations, both in adults and children [78] .
Another systematic review evaluated interventions to improve adherence to treatment with inhaled corticosteroids in asthmatic patients by using components of the chronic care model [65] . This study included two groups; in the first group, the choice of treatment was actively shared and negotiated between the patient and the physician; in the second group, the physician alone selected the treatment regimen. The results showed that the shared-decision making strategy was associated with a significant improvement in adherence to inhaled corticosteroids compared to the physician only decision-making strategy [79] .
Health literacy
Medications play a prominent role in the treatment and control of asthma, and thus failing to adhere to prescribed medication regimens contributes to an array of poor health and staggering economic burden. Current evidence from studies in children and adults suggests that inadequate health literacy is an important key barrier to asthma knowledge [80, 81] . Hence, focusing on nonadherence related to health literacy in asthmatic patients may yield benefits in term of both human suffering and economic costs.
Literacy refers to an array of intellectual skills and capabilities, including reading, writing, understanding, speech and speech comprehension, and basic math's calculations. Health literacy, instead, refers to how well one applies this broad range of capabilities in the context of health care. Health literacy has been defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions" [82] .
Insufficient health literacy of asthma has been associated with lower adherence to treatment and worse metered-dose inhaler technique. A number of studies investigating patients' adherence to asthma medications reviewed by Rosas-Salazar and coworkers, have linked inadequate asthma literacy with poor health outcomes [83] .
According to a systematic review by the Cochrane Airways Group, training patients in self-management of asthma, based on self-monitoring of both peak expiratory flow and symptoms coupled with a written action plan and regular medical review, appeared to improve health outcomes for adults with asthma. In addition, education on selfmanagement reduced hospitalizations, unscheduled visits to the doctor, days off work or school and nocturnal asthma. Improvements in lung function were also achieved [84] . The Cochrane review also showed that incomplete approaches such as the use of limited education (information only) about asthma do not appear to improve health outcomes in adults with asthma although perceived symptoms may improve. A "proof of concept trial" found that three 30-minute sessions of motivational interviewing of asthmatic patients with poor adherence within a 6 week-period improved inhaled corticosteroid refills and the asthma control test compared to usual care [85] . pime pime pime pime p pi im me e EDITRICE Table 3 . Questions to be asked to asthmatic patients to understand how they take asthma medications.
Do you have difficulties in adhering to asthma therapy? Do you ever forget to take your asthma medicine? Are you careless about when you take your asthma medicine? Do you sometimes stop using your inhaler(s) when you feel better? Do you stop taking or skip your inhaler(s) if it seems to make you feel worse? Do you take inhaler(s) as rescue medications rather than regularly? Do you sometimes skip inhaler doses or skip an asthma medicine entirely because of the cost? 
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Asthma: Toward a definition of the pillars of a correct therapeutic strategy
Main goals of asthma management are: achieve good control of symptoms maintaining normal activity levels and to reduce the risk of future exacerbations and fixed airflow obstruction appearance minimizing medication side-effects [20] .
The pillars of a correct therapeutic strategy can be summarized as follows: correct diagnosis, correct treatment, correct adherence to therapy, correct follow-up.
Correct diagnosis
Clinical and instrumental diagnosis is not always simple in asthma. However, three are the constant features helping in a correct diagnosis. 1) Bronchial hyperresponsiveness. In absence of bronchial hyperresponsiveness there is not asthma [86] . When anamnesis is suggestive for asthma and spirometry normal a bronchoprovocation test can be helpful in confirming the diagnosis [87] . 2) Airflow obstruction with reversibility acutely or over time. A correct diagnosis of airway obstruction must be based on a spirometry with FEV1/FVC value below the lower limit of normal [88] to avoid misdiagnosis in adults and older patients. Misdiagnosis is possible when obstruction is considered for FEV1/FVC <75-80% of the predicted value [87] . Secondly, reversibility of airway obstruction is a milestone in asthma diagnosis. Moreover, many COPD patients show changes in airway over 12% FEV1 and 200 mL after short acting bronchodilator [88, 89] . This occurs for many reasons as gas compression [90] or effect of increased bronchial wall thickness [89] . For these reasons "Asthma COPD overlap" is considered only when a bronchodilator response higher than 15% change and 400 mL of absolute value from baseline is present after bronchodilator [90, 91] . 3) Airflow obstruction variability. Patterns of obstruction change over short time in patients [92] , so monitoring of airflow obstruction during time can help diagnosis.
Correct treatment
Asthma treatment must be performed using a control-based asthma management cycle [93] . In control-based asthma management, pharmacological treatment is adjusted in a continuous cycle that involves assessment, treatment and review. Asthma outcomes have been shown to improve after the introduction of control-based guidelines for many patients in primary care. Reviewing symptom control, risks of exacerbation are reduced [94] . Different therapeutic steps are considered: from "as-needed" short acting beta agonist use to low and high dose inhaled corticosteroids with addition of long acting beta-2 agonists and antileukotriens. When severe asthma occurs (step 4-5) patients need continuous therapy with high doses of drugs (also with oral corticosteroids), Tiotropium and recent biological agents (omalizumab mepolizumab, etc.).
Correct adherence to therapy
Poor adherence is defined as the failure of treatment to be taken as agreed by the patient and the doctor. It is very common: 50% of adults and children do not take controller medications as prescribed. Poor adherence contributes to uncontrolled asthma symptoms, exacerbation risk and asthma-related death.
Optimal asthma control depends on the selected drug, the device that is employed and on the removal of factors that reduce patients' adherence to therapy [95, 96] . Proper inhaler technique is an important component of effective asthma therapy and patients with evidence of poor adherence and asthma control should be targeted for a review of their inhaler technique [97] [98] [99] .
Correct follow-up
Follow up consultations should take place at regular intervals. Regular review should assess asthma control considering patient's symptom control, exacerbation risk factors, flare-ups, comorbidities. Inhaler use must be assessed and corrected when necessary.
Follow-up can today utilize devices characterized by smart technology helping to monitor adherence. They accurately record the time when each dose was taken, store data over a reasonable time period, and provide access to adherence data. That's why "smart technology'' would improve patient adherence, with possible positive impact on asthma control.
Clinical and device preference comparisons of new versus old fixed-dose combination inhalers
Asthma and chronic obstructive pulmonary disease (COPD) are progressive inflammatory respiratory diseases that affect millions of people worldwide [100, 101] . Asthma is a serious global health problem with an estimated 300 million affected individuals, predicted to increase to 400 million by 2025 [102] . COPD is the fourth leading cause of death in the world and predicted to be the third by 2030 [20, 103] . This disease is a major cause of chronic morbidity and mortality, with an estimated 4.5 million annual deaths attributable to COPD over the next 30 years [103] .
The ability to identify poor disease control is a pre-requisite for improving asthma and COPD treatment and management. However, over the last decade, European studies have shown little apparent improvement in the levels of symptom control [104, 105] . Asthma control in clinical practice is suboptimal despite available therapies (Figure 1 ) [105, 106] . This lack of disease control results in high numbers of patients exacerbating (Figure 2 ). Many factors that contribute to suboptimal asthma and COPD control have been identified, including concomitant rhinitis, a common co-pathology, and smoking. Equally as important is appreciation of patients' views and concerns about maintenance therapy and the level of satisfaction with the prescribed inhaler device [107] .
Practical barriers are also often encountered, such as poor inhaler technique. However, data from randomised controlled trials (RCT) suggests that there are no significant differences between inhaler types, and national and international guidelines base their recommendations for inhaler use on these data. Nevertheless, RCTs are generally representative of fewer than 5% of the population of patients with asthma [108] . often excluding typical cases seen in general practice including smokers, patients with comorbidities, and those that suffer from severe or unstable disease. Patients participating in RCTs are closely monitored to ensure correct use of inhaler therapy and usually require a minimal adherence rate for continued participation. This does not reflect the situation in the general patient population where adherence tends to be relatively low.
Real-world evidence corroborates and reinforces the results from clinical trials using data from multiple sources, including electronic health care records, claims and billing data, product and disease registries, and data collected through personal devices and health applications [109] . This facilitates the inclusion of a broad range of patients comparable to those typically examined in primary care settings. Proceedings the lung, and in turn effect exacerbations and disease control [113] . Maintaining device consistency and increasing the simplicity of the treatment regime will help decrease critical errors in inhaler use. Next generation inhalers, that increase patient ease-of-use, have been developed to enhance the delivery of drugs to the bronchial tree and to improve the inhalation technique by reducing the possibility of making errors while operating the device. Inhaler devices such as the ELLIPTA ® and the NEXThaler ® were both found to reduce critical errors compared to other MDI and DPI inhalers [114] [115] [116] [117] .
The CRITIKAL study identified multiple inhaler errors affecting asthma control outcomes [100] . One of the top recorded errors was actuation before inhalation [113] . To combat this error, breath actuated inhalers (BAI) have been developed. These inhalers were found to increase the odds of asthma control, and decrease severe exacerbation rates, for patients initiating or increasing ICS therapy [118] . Devices such as the K-Haler and Synchrobreathe have shown promising preliminary results with increasing lung deposition, efficacy and patient satisfaction.
Many of the newer devices are reported to be easier to use [114] [115] [116] [117] . However, it is still unknown what this means for both health care professionals (HCPs) and patients. Studies have shown that the nature and extent of training required to achieve and maintain device mastery varies with different devices [118] . With changes in inhaler technology, drug formulations have also evolved. The recent incorporation of airway-compatible lipid-based porous particles to keep drug crystals suspended in the propellant without needing additional excipients, has resulted in a highly uniform formulation. These formulations have shown minimal drug crystal-crystal interaction throughout manufacturing, storage, and drug delivery, and are stable over time, delivering consistent doses under a variety of storage or handling conditions. The effect of inhalation therapy is determined by multiple factors, including the amount of therapy reaching the lungs and its distribution throughout the airways [119] . Targeting inhaled drug formulations to the peripheral airways is not efficient, with most of the formulations being deposited in the central airways. Reducing the mean particle size of the inhaled drug increases the fraction reaching the peripheral areas of the lung [111] . Meta-analysis of RCTs demonstrated that extra-fine ICS have significantly higher odds of achieving asthma control with lower exacerbation rates at significantly lower doses than fine-particle ICS [120] . Real-world studies have shown that extrafine ICS reduce exacerbations and improve asthma control in patients starting with higher doses of extrafine-particle size ICS [121] .
To further improve outcomes in patients with respiratory disease, treatment has progressed from monotherapy to combination therapy. Together with the above-discussed options available to improve asthma control, finding the perfect combination of easy to use inhaler and drug formulation can be difficult. Furthermore, not all inhaler/drug combinations are licensed for equal use worldwide Many studies have investigated inhaler effectiveness for respiratory disease control. However, the results are conflicting with RCT data, suggesting DPI use was associated with higher rates of adherence in patients with asthma, whereas real-world studies find MDIs to be associated with better control, treatment stability, and lower exacerbation rates. For patients with COPD, soft mist inhalers, such as Respimat®, were more accepted by patients than MDIs and DPIs [122] . A study by Bender et al. found that the top reason for non-adherent patients to become adherent was if they could feel more immediate effects of the treatment [123] .
Is there are way for patients to identify and rectify their inhaler errors in real time? Technology, such as inhaler compliance assessment technology, an acoustic recording device attached to the inhaler able to measure and identify technique errors [124] , as well as smartphone A study by Giraud et al., in patients using metered dose inhalers (MDI), reported that only 30% were able to perform the correct inhaler technique [110] . This highlights the importance of evaluating correct inhaler technique and providing the necessary training to all patients on inhaler use. More recently, Molimard et al. reported an association between device mishandling and an increase in observed COPD exacerbations [111] .
A recent real-world study using the global inhaler technique initiative Helping Asthma in Real People (iHARP) database to identify serious inhaler handling errors found the most common errors to be failure to exhale before inhalation, insufficient breath-hold at the end of inhalation, and insufficiently forceful inhalation from the start [112] . The CRITIKAL study identified specific inhaler errors as critical errors in patients using both MDI and DPI, based on frequency and association with asthma symptom control and exacerbation rates [100] .
Due to the heterogeneity and complexity of asthma and COPD, patients are often prescribed mixed inhaler regimes, such as DPIs for maintenance and pMDI for reliever therapy. These are liable to confuse patients due to the very different inhalation techniques needed to use them correctly. This can impact drug delivery to the target airways of pime pime pime pime p pi im me e EDITRICE Proceedings add-ons to monitor lung function and track flare-ups, have been developed. Recent research has shown patients that receive inhaler reminders are more adherent than those who did not [125] .
Finding an optimal match between the patient and the inhaler device is an achievable goal. However, all the available data points to a need for an evidence based approach enabling the caregiver to make a prompt rational choice. Prospective experimental validation is needed to confirm the validity.
Analysis of currently available inhalation drugs in COPD
Inhalation drugs represent for many years a mainstay in the treatment of COPD. The last recommendations GOLD it is mentioned and stressed both the role of short and long acting Beta2 drugs (SABAs and LABAs) and that of short acting and long acting antimuscarinic drugs (SAMAs and and LAMAs) in the management of COPD. Likewise, the same text underlines the role of combinations of SABAs and SAMAs, LABAs and LAMAs in various situations and illustrate as well the bronchodynamic effects, their action on the riduction of axacerbations, the improvement of Dyspnea indexes and that of the quality of life [126] . This last edition of GOLD (IBIDEM) marks also the positive role of the combinations of the inhaled steroids (ICS) and LABAs in improving lung functions, health status and in reducing exacerbations of moderate and severe degree. Otherwise it is also reminded that a current and continuous treatment with ICS increases the risk of Pneumonias at least in patients with severe COPD. Moreover, it is quoted the role of the triple association (LABA, LAMA and ICS) in improving the lung functions, in reducing the number of exacerbations and in improving the clinical general conditions.
Widening the analysis to other LAMAs it has to be quoted the action of umeclidinium both versus placebo, tiotropium and glycopirronium [127, 128] . In all these cases umeclidinium showed a more important bronchodynamic effect, but all the molecules, less placebo, proved to be endowed of a good activity on the vital parameters. Umeclidinium demonstrated also a good reliability when coupled to vilanterol. This combination can easily reach different targets thanks to the complimentary actions of LAMA and LABA that support a complete bronchodilatory effect. Similar positive outcomes regarded the SaintGeorge Respiratory Questionnaire (SGRQ) along all the time of the study (169 days) [129] . The combination of umeclidinium125 mcg/vilanterol 25 mcg administered for 52 weeks proved a major preventive effect against the exacerbations in comparison with umeclidinium 125 alone in a random double-blind placebo controlled study [130] . Another interesting study [131] compared LABA/LAMA (indacaterol/glycopirronium) with a LABA/ICS (Salmeterol/Fluticasone) with an important target like the prevention of exacerbations and the combination LABA/LAMA prevailed against the association LABA/ICS. The role of ICS in lowering the phlogosis has to be postulated considering the lower number of exacerbations when a combination of bechlomethasone dip/formoterol is compared with the action of the formoterol alone and similarly fluticasone furoate (FF) / vilanterol at the two dosages 100/25 and 200/25 demonstrated a solid bronchodynamic effect with a limited number of exacerbations [132] . The administration of 3 active substances such as Bechlomethasone/formoterol FF / glycopirronium through a single special device represent an impressive attempt to bring different substances endowed of complimentary actions to the proper targets in order to get a pharmachodynamic synergy. The study "Trilogy" [133] seems to give a frank support to this hypothesis. The triple combination obtained a significant success against the comparative association (BDP/FF) under important points of view: trough FEV1, SGRQ, burden of exacerbations. It has also to be mentioned a possible novelty, at least under the molecular point of view, because this substance, GSK 961081, has a structure where at one extremity it is present an antimuscarinic part, while at the other extremity it exhibits a Beta2 stimulant action. So, the same molecule could exert a double and complimentary action [134] . Molecules like this could indicate a road to the future.
In summary combinations of LABAs/LAMAs, compared with placebo, causes improvement in FEV1 of 250-300 ml at peak and 250-300 at trough. These effects are greater than those obtained with long acting monotherapies alone. Moreover, important clinical questions are associated with these bronchodynamic effects: undoubtedly the treatment with LAMA/LABA positively influences dyspnea indexes, the complexity of St. George questionnaire, and reduces the number and severity of the exacerbations. As these substances are not primarily endowed of an antinflammatory power one might argue that the stability of airways reached by means of an effective treatment that leads to an improvement of lung mechanics can allow the patients to better cope with negative factors that trigger infections and exacerbations. This last point is also well contrasted with the correct use of ICS/LABA despite the increased risk of non-fatal pneumonias. If an association with LABA/ICS has a good effect in the prevention of exacerbations the association of ICS/LABA/LAMA can be, as recently proved, a very important resource in the inhalation therapy specially in the most difficult cases of COPD.
A real-life observational study on homeopathic medicine preventive effect in respiratory tract infections
The latest scientific literature found in leading biomedical databanks confirms that the trend towards what is referred to as "integrative healthcare" has grown constantly over the last 40 years [135] .
There are many definitions of "integrative" healthcare, but all involve combining conventional and complementary approaches in a coordinated way. The use of integrative approaches to health and wellness has grown within care settings across the United States. Researchers are currently exploring the potential benefits of integrative healthcare in a variety of situations, including pain management for military personnel and veterans, relief of symptoms in cancer patients and survivors, and programs to promote healthy behavior [136] .
As a rule, the use of homeopathic medicines in conventional therapies is seen in a positive light by patients. We used a recent American analysis, the 2012 National Health Interview Survey, to compare homeopathy users with supplement users and with those using other forms of complementary and integrative medicine. Among US adults, 2.1% had used homeopathy within the past 12 months. Respiratory and eye, ear nose and throat complaints were those most commonly treated (18.5%). Homeopathy users were more likely to use multiple complementary and integrative therapies, and to perceive the therapy as helpful, than were supplement users. Though US homeopathy use remains relatively uncommon, users perceive it as helpful [135] [136] [137] . In terms of respiratory conditions, a number of different findings in Europe, and in particular in France and Germany, show that these treatments are well received by patients, providing them with an integrated approach to handling respiratory problems of viral origin, and especially influenza-like illnesses [138] . One example is a homeopathic medicine made from a Korsakovian dilution (200K) of a specific extract of duck liver and heart. Officially recognized in Italy by the AIFA [139] and also registered in other countries, such as France, where it has been authorized since 1944, it is sold in a total of over 80 countries throughout the world. Proceedings drug delivery to the lungs, depending on the device characteristics, formulation of medication, and ease with which patients can use it [61, 147] . Inhaler efficiency may also be influenced by patients' preference, which in turn affects patients' adherence with treatment and, indeed, long-term control of the disease [149] [150] [151] [152] . Thus, the choice of the inhaler for the patient is just as important as choosing the most effective medication.
Adherence in COPD
It has been estimated that about half of all users of chronic medication take their medication according to their prescriber's recommendations [73] . A complicating factor for inhaled medication is that proper inhaler handling and technique is of paramount importance resulting in even lower real-world adherence rates compared to other chronic medications. Adherence rates for asthma and COPD are approximately 40% [73] but tend to be lower in adolescents and in patients with lower socioeconomic status [153] . Real-world evidence demonstrates that poor adherence to asthma and COPD treatment is associated with an increased number of exacerbations, and hospital admissions, as well as increased economic burden [154] [155] [156] . In addition, the rate of mortality linked to asthma decreased by 21% for each additional inhaler prescribed in the prior 12 months, demonstrating that better compliance can reduce mortality [157] . Similarly, adherence to inhaled medication is significantly associated with reduced risk of death and admission to hospital due to exacerbations in COPD [158] .
Inhaler misuse as a cause of poor adherence in asthma and COPD
Many studies have shown a high proportion of inhaler misuse among patients with asthma or COPD, even in those patients who had been using their devices for long periods [159] [160] [161] [162] . Moreover, no improvement over the past 40 years in the use of inhaler devices has been observed, even though considerable effort has been invested in education, training and device development [163] . These results support the major importance given to inhaler technique as a determinant of treatment effectiveness and, consequently, long-term adherence to respiratory inhaled medications.
Current inhaler devices require a complex administration procedure including dose loading, inhaler priming and breathing maneuver, in order to ensure maximal benefit of the medication. Multiple steps require that patients display dexterity and coordination [61, 147] . Failure to follow the instructions may lead to inhalation errors, some of which reduce, or prevent entirely, deposition of the medication in the lungs [61, 147] . In clinical studies, 50-90% of patients with asthma or COPD show incorrect inhaler technique [161] [162] [163] [164] [165] [166] . In addition, even when patients are able to demonstrate correct inhaler technique, they may not maintain this standard at other times [161, 162] . Complicating the situation further is the fact that the capacity for physicians and nurses to train the patient is often limited. Both time constraints and inadequate knowledge amongst health care professionals (HCPs) can lead to ineffective patient education. In a review of 20 relevant studies, only 28% of doctors and 22% of nurses were able to describe, or perform, all the critical steps for using inhalers [167] .
Some patients appear to be at a greater risk of poor inhalation technique [166, 168] . Some risk-factors relate to the patient: these include extreme ages (i.e., young children and the elderly), very severe airflow obstruction, cognitive dysfunction, motor handicap of the upper extremities; Other risk factors relate to the prescription and delivery of the treatment: patients who are simultaneously prescribed different types of devices (e.g., a pMDI and a DPI) tend to use their devices less In the Cochrane Collaboration review of homeopathic medicine, involving a meta-analysis [140] its preventive effect was found, based on the cumulative result of the meta-analysis, to be protective, but without reaching the statistically significant limit (overall risk ratio (RR) = 0.48; 95% CI = 0.17-1.34). Specifically, the first study reported a very low RR value of 0.15 (indicating an 85% reduction in the risk of getting sick), although the statistically significant limit was not reached; this can most likely be attributed to the low number of events (n = 50 patients in each group), which "enlarged" the confidence limits. The RR was also protective in the second study (which evaluated 110 patients treated with Oscillococcinum and 117 treated with placebo) and proved statistically significant, although it was less noticeable than the RR of the first study (RR = 0.62; thus, a risk reduction of 38%). In my retrospective analysis [141] a significant reduction in the frequency of onset of RTIs was found in both the group treated with homeopathic medicine and the untreated groups. The reduction in the mean number of RTI episodes during the period of observation vs. the year before inclusion in the study was significantly greater in the homeopathictreated group than in untreated patients (-4.76±1.45 vs -3.36±1.30; p=0.001). These results suggest that homeopathic medicine may have a positive effect in preventing RTIs. However, randomized studies are needed before any firm conclusion can be reached.
The importance of inhaler device in patient management
Asthma and COPD are two of the leading causes of morbidity, mortality and economic burden worldwide [20, 103] . The World Health Organization (WHO) estimates that chronic respiratory diseases represent 5% of total disease burden and 8.3% of chronic disease burden worldwide, accounting for more than 4 million deaths each year [142] . Unsurprisingly, the economic cost associated with asthma and COPD is considerable, and has been shown to increase with disease severity [20, 103, 142, 143] . Therefore, effective treatment and management of asthma and COPD is critical in improving clinical and economic outcomes.
Inhalation therapy is the mainstay of treatment in patients with asthma or COPD, where bronchodilators (β 2 agonists, anti-muscarinic agents) and anti-inflammatory drugs (corticosteroids) are recommended by international strategy documents at any stage of the disease [20, 103] . Inhaler devices, therefore, play a key role in the management of these patients and it is now recognized that the choice of the inhalation device appears to be as important as that of the drug molecule [144] . However, in daily clinical practice, while doctors usually focus on the pharmacological properties of the various respiratory drugs in selecting the best possible therapeutic option, little consideration is given to the features of the different inhalers and to the ability of the patient to use the device [145] . Indeed, it is often underappreciated that incorrect inhalation technique by the patient is directly associated with increased healthcare resource utilization [146] .
Therapeutic aerosols can be generated essentially by three different delivery platforms: the pressurized metered dose inhaler (pMDI) where the drug is formulated in solution or suspension under pressure in a liquid propellant, and is released through an orifice upon device actuation; dry powder inhalers (DPIs), where the drug is formulated as a powder that is fluidized and entrained as aerosol particles by the patient's own inspiratory effort; nebulizers, for which the drug is formulated as a liquid and atomized into droplets using either a compressed air source attached to a narrow orifice to generate a Venturi effect or by more complex vibrating membranes [61, 147] . Each type of inhaler device has pros, as well as, cons [148] and differs in its efficiency of Proceedings appropriately than those using a single device type [169, 170] , and device switching without a face-to-face review is associated with worsening of asthma control [170, 171] .
Strategies to improve patients' inhaler use
Ways to improve patients' adherence with inhalers are progressing inhaler design and use, training patients and individualizing inhaler choice.
Developing the "ideal inhaler"
The ideal inhaler should be user-friendly, deliver the optimal respirable amount of drug irrespective of the patient's skills, with limited need for external supervision and independently of environmental conditions. To date, none of the currently available inhalers can be considered "perfect" regarding these characteristics. Although some new inhalers simplify required dose preparation manipulation [148] , patients still need some training and regular checking of inhalation technique. In addition, the multiplication of inhalation devices and corresponding instructions can be a source of confusion for HCPs who are not specialized in the respiratory area, such as many primary care physicians, even though they care for the majority of patients with asthma or COPD [172] .
Checking and training
Several studies have shown that training patients in the correct inhaler use improves not only inhalation technique but also adherence to treatment and, most importantly, disease control [173] [174] [175] . Interestingly, studies found that disease outcomes improved only in those patients in whom inhaler technique improved following training by pharmacists, suggesting that the effect of training on control may actually be determined by the effect on inhaler technique [174, 175] . However, it has also been shown that the effect of training is inconsistent and, sometimes, transient [176] . Several tools and strategies can be used to train both patients and HCPs in the correct use of inhaler devices [177] . Of note, some of them have been developed to help HCPs in checking inhalation technique and training patients since they provide real-time, interactive sensory feedback of the patient's performance in various critical aspects of inhalation technique, and estimate with reasonable accuracy the amount of aerosol delivered to the receptor sites [177] . It is important to recall that all HCPs (primary care physicians, lung specialists, nurses, physiotherapists, pharmacists) can be involved in training. In all cases, regular observation of the patient's own technique using his/her inhaler, demonstration of proper technique when necessary, followed by repeated observation of the patient ability to correct his/her technique should be considered an essential part of each patient consultation. More recently, evidence-based digital health solutions, such as monitoring systems based on phone applications (Apps) and electronic sensors have been developed to help patients with their care management via electronic dose counting, calendar reminders and in the measurement of physiological parameters [177] .
Personalizing device choice
All patients with asthma or COPD do not require the same treatment, and all do not have the same skills and preferences. Therefore, tailoring the treatment to each specific patient is of utmost importance [159, 177, 178] . Several factors have to be taken into account when selecting a specific inhaler device for a specific patient.
These factors can be categorized as: 1. Patient-related factors, including i) age and ability to inhale consciously, handle the device and coordinate the use of the device and the inspiratory effort, ii) patient preference, iii) presence of comorbidities;
2. Disease-related factors, since i) severe and/or acute airflow obstruction may compromise the ability to generate an adequate inspiratory flow and ii) therapeutic strategy and indications are not the same for asthma and COPD; 3. Device-related factors, as the optimal inhalation profile differs between pMDIs (slow inspiration is preferable) and DPIs (fast flow inhalation is required). For instance, observational comparative effectiveness studies suggest that pMDIs delivering small droplet aerosols could improve treatment effectiveness compared to standard pMDIs [179] , due to the more limited influence of errors in coordination/inhalation technique on lung deposition with these devices; and, finally; 4. Caregivers-related factors, accounting for the availability and knowledge of professionals involved in information and education.
Conclusions
Despite the range of effective pharmacological treatments available for asthma and COPD, many patients still do not achieve treatment goals, in part because of poor adherence to therapy. Non-adherence to treatment is associated with poor symptom control, higher healthcare utilization and healthcare costs, and reductions in health-related quality of life.
The inhaled route remains favored for the treatment of pulmonary diseases. However, drug deposition and subsequent treatment effectiveness are highly dependent on inhalation technique, which has been shown to be incorrect in many patients with asthma and COPD. Many inhalation devices are available and others are currently being developed with the aim of simplifying device use. Nonetheless, at present proper training and regular checking of inhalation technique remain critical to optimize treatment effectiveness. Optimizing treatment effectiveness also requires tailoring the drug-device combination chosen for each individual patient based on their individual characteristics, the disease treated and its severity, the characteristics of devices and the skills of involved healthcare professionals.
Influence of comorbidities on adherence to treatment in COPD
Patient adherence to treatment in chronic respiratory diseases as COPD is essential to optimize disease management. As with all chronic diseases, non-adherence in patients with chronic respiratory diseases is common and contributes to adverse health outcomes, reduced quality of life, increased morbidity, increased health care expenditures, unnecessary escalation in therapies and even hospitalizations and mortality [180] [181] [182] [183] .
In 2001, WHO defined adherence as the "extent to which a person's behavior taking medication, following a diet, and/or executing life style changes, corresponds with agreed recommendations from a health care provide" [73] . In this concept adherence is a complex concept, influenced by multiple factors including social and environmental, patient related and treatment related factors. Comorbidities are identified as one of the patient-related factors, besides health beliefs, cognitive ability, self-efficacy, psychological aspects and others [73] .
More recently, the term concordance has been introduced to describe the therapeutic alliance between patients and health care providers [184] . Concordance encompasses the responsibility and decisionmaking contribution of both parties and empowers the patient to play an active role in disease management [1] .
Multimorbidity is now widely recognized as a characteristic finding in many patients with Chronic respiratory diseases as COPD. Different studies have identified a wide spectrum of pathologies in these patient 
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There are several approaches, such as biochemical evaluation of drug level to confirm the intake, electronic monitoring, adherence measured as the percentage of doses taken/doses prescribed, electronic monitoring, canister weight, and analysis of pharmacy records to assessing adherence of patients with COPD, but they are all burdened with important limitations [201] . It is also possible to indirectly measure adherence by using self-reported (questionnaires) adherence methods. It has been reported that although the prevalence of treatment adherence changes over time, the combination of the attitude towards treatment and the patient's knowledge of COPD is the best approach to test self-reported adherence [202] . However, it must be pointed out that self-reporting is frequently inaccurate and has moderate reliability (25%-67%) when compared against more objectives measures of adherence such as canister weight and electronic monitoring [203] .
Patients, physicians and society influence patient maintenance medication adherence in COPD. Low expectation of the medication, presence of comorbid illnesses, depressed mood, increased age, current smoking, and lack of confidence in the provider are the most consistent independent predictors of low adherence [204] . Adherence to medications may be impacted by factors that do not change regardless of disease or medication type but reasonably is influenced by aspects of patient-related considerations (forgetfulness, suboptimal health knowledge, etc.), although also the health system (lack of coordinated health care, access restrictions, etc.) and socioeconomic status (education, income, etc.) can play a role [205] . In particular, the psychological profile is a key driver in determining adherence to medications in COPD patients [206] . Older age coupled with memory loss and impaired cognitive levels lowers adherence to medications, in particular to inhalation therapy [207] .
The physician can affect adherence in COPD with his/her prescription because medication class to be administered, method of administration, dosing regimen, polypharmacy, and also the possible occurrence of adverse events can all influence compliance to prescribed therapy, although patient preference must always be considered a crucial factor when choosing drug, method of administration, and dosing regimen [208] .
It is intriguing that a study performed in an area with a centralized management system of pharmacological prescriptions and aimed to assess the degree of adherence for once-daily and twice-daily regimens for administrating LAMAs, showed that adherence to treatment with LAMAs is very high, irrespective of the molecules or inhalation device, but did not find that patients who used twice-daily medication had a lower adherence [209] . The method of administration can affect the level of drug adherence in COPD. There is solid evidence that in COPD, adherence to inhalation medication is device-related [210] . Often physicians switch their patients to generic inhaled drugs to reduce costs. Switching from one device to another, if not accompanied by appropriate training for the patient, can be associated with poor clinical outcomes and increased use of health care resources [211] . Additionally, clinician's confidence about a patient's adherence to one class of medication should not be used as a proxy for adherence to other medications; rather, clinicians should inquire about adherence to each drug separately [212] . Frequently, health care systems create barriers to adherence by limiting access to health care, using a restricted formulary, switching to a different formulary, and having prohibitively high costs for drugs, co-payments, or both [213] . Socioeconomic status is an intriguing factor in the search for determinants of population-level non-adherence to COPD because of its associations with economic, social, and education-related factors [73] . Caregivers, especially spouses, may improve therapeutic adherence in COPD [214] . [184, 185] . Polypharmacy is a common finding in these patients as medication is prescribed for all these identified medical conditions. This polypharmacy is a common and important contributor to poor adherence as each medication has a different dosing pattern. Patients get frustrated by these complicated dosing regimens [186] . Many of these drugs have no immediate or direct effect on symptoms and can have some side-effects. All these factors can contribute to poor adherence [187] . Conceptual frameworks are described to manage comorbidities beyond the lungs, but most of these reviews summarize current evidence but are not supported by real-life interventions [188] . Furthermore, adequate systematic diagnostic work-up according standard criteria is crucial to avoid under-or overtreatment of these multimorbidities [189] .
Pulmonary rehabilitation aims to offer a comprehensive intervention based on thorough patient assessment followed by patient-tailored therapies, including behavior change, in order to achieve improvement in physical and psychological condition and to promote long-term adherence to health-enhancing behaviors [190] . Different studies, reviewed by Franssen and Rochester, have tried to assess the possible influence of comorbidities on outcome of pulmonary rehabilitation [191] . In a retrospective study, Crisafulli et al. identified that the improvement in exercise tolerance and quality of life may depend on identified comorbidities: metabolic diseases were inversely related to improvement in exercise tolerance with opposite effects of cardiac diseases. Otherwise, improvements in health status were inversely related to heart diseases [192] . In another prospective study, the same authors concluded that the individual's disability and presence of osteoporosis were independently associated with poorer rehabilitation outcomes [194] . Others reported that baseline status is a poor predictor of response to rehabilitation, although severely dyspneic patients showed smaller magnitudes of improvement [195] .
Psychological factors are important determinants of outcome and adherence to pulmonary rehabilitation. Risk of drop-out during rehabilitation is significantly greater in depressed versus non-depressed patients and anxiety is associated with worse exercise performance, quality of life and shortness of breath in COPD patients [195] [196] [197] . A more recent study reported that common comorbidities, including anxiety and depression, do not influence the likelihood of improving following pulmonary rehabilitation. Moreover, patients identified as a psychological cluster with highest scores in anxiety and depression had a higher likelihood of achieving meaningful improvements after rehabilitation [198] .
Adherence to all components of comprehensive treatments must be considered as an important goal for health care providers and patients to work towards optimal management and control of chronic respiratory conditions. Providers play an important role in helping patients to adhere with all the components of the management plan. Active involvement of the patients in defining management goals and partnership between the patient and the team of health care providers will improve adherence. Future research is needed to gain insights into determinants of adherence and sustainability of adherence during the continuum of care of these patients.
Medication adherence in patients with COPD
COPD is a chronic disease in which effective management requires long-term adherence to pharmacotherapies [199] . Regrettably, the level of medication adherence in COPD patients is very low, lower than that recorded for other diseases [200] , although it must be pointed out that there are difficulties in understanding the real dimension of the problem and the causes that determine it because it problematic to compare the results of different studies carried out. 
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Patient-health care professional, especially patient-physician or patient-pharmacist communication is central to optimizing patient adherence [202] . Education of patients, along with better co-ordination of care, showed significant improvements on COPD patients' adherence [215] as well as fewer hospitalizations [216] .
Interestingly, pragmatic pharmacist care programs improve both inhalation technique and medication adherence in patients with COPD and could reduce hospitalization rates [217] . This is a cost-saving strategy compared with usual care [218] .
No standard intervention exists to improve adherence. However, it is likely that a multifactorial intervention focuses on motivation, knowledge and skilled inhalation technique (COPD information, dose reminders, audio-visual material, motivational aspects and training in inhalation techniques) is an effective approach to improving the therapeutic adherence in COPD patients [219] . In any case, adherence requires a behavioral change, an aspect that is related to individual interests and expectations, meaning that patients must be managed individually. Furthermore, the intervention is complex and time-consuming.
Although more research is needed into the most effective approaches for optimizing medication adherence in patients, mainly elders, with COPD, there are a number of practical opportunities for health care practitioners to intervene to support medication adherence [220] . However, it is likely that the most realistic approach is to keep in mind that non-adherence is always possible and probable [208] .
Adherence to COPD therapy: The Lombardy CREG (Chronic Related Group) experience CREG can be defined as an innovative way to care patients with chronic diseases. The innovative element which lead actors to focus on the life time horizon and think in terms of prevention is the CREG tariff. Against a payment of a default quota of resources, it must be ensured all services outside the hospital (outpatient, prosthetics, pharmaceutical, home care, etc.) required for good clinical and organizational management of chronic disease -or set of diseases [221] -and is aimed to ensuring the essential levels included in the various pathways of care. From the structural point of view, CREG is composed by three technological elements and an organizational platform: the first technological element is represented by the ability to identify the chronic illness; the second one is the PDT (Percorsi Diagnostici Terapeutici) that is to say the standard guidelines for any disease or set of diseases and the third one is a system of remuneration.
Particularly, there were define diseases of priority interest and some ASL (Bergamo, Como, Milan downtown, Melegnano, Lecco) in which to apply the specify path. COPD has considered one of the diseases of main interest [222] . The aim of the test has been to put the emphasis on the administrative, organizational, and management aspects, with the intent of identifying critical aspects, opportunities and operational solutions [224] . One of the most impressive data was the COPD therapy adherence. The "pact" between general practitioner and patient with the help of nurses, reached the goal to equalize the COPD adherence therapy rate to the diabetes and hypertension rate in two years [224] .
The key aspect of the CREG, is represented by identification of subject that guarantees the continuity of the path, interacting with all the actors involved in the management of the disease and ensuring the necessary administrative, organizational and managerial skills (general practitioners, foundations, hospitals, etc.) which will be in charge for ensuring the full support of patients recruited to the path of CREG.
The most important expected outcome is in terms of the adequacy and appropriateness of care. That is through two channels: first patients (hypo consumers) who usually give up their pathway are leading to adherence to PDT; secondly, by avoiding the inappropriate medical consumption.
State-of-the-art and open problems in COPD: Gaps and issues
The main goals of COPD treatment are reducing current symptoms and future risks with minimal adverse effects by pharmacological treatments. The achievement of these objectives may be a challenge in daily clinical practice, where the level of adherence to treatment is low, with consequent poor control of the disease, and the occurrence of co-morbidities requires multiple drugs, with an increased risk of drug-drug interactions potentially leading to severe adverse effects. In addition, a significant discrepancy has been reported between guideline recommendations and clinicians' practices [224] [225] [226] .
The currently available bronchodilator therapies approved for COPD are LABA (long-acting or ultra long-acting β-2 agonists) and LAMA (antimuscarinic agents). Bronchodilators are the mainstay of COPD treatment, as single agents, as dual combination, or associated with inhaled corticosteroids (ICS). Until last year, the latter represented the firstchoice treatment for stable COPD in the most severe stages of the disease (GOLD stage C and D). The newest GOLD recommendations [103] set the ICS/LABA as alternative choice when exacerbations persist despite treatment with LABA/LAMA. Nevertheless, the management of COPD patients by general practitioners (GPs) and by specialists in real life settings is often characterized by inappropriateness of prescribing the ICS/LABA combination in patients with mild or moderate COPD [227] . The use of ICS must be carefully evaluated, since it has been associated with an increased risk of developing pneumonia, which is greatest in the very elderly and at the highest doses [227] .
A variable proportion of the COPD population does not control the disease because of factors that include inadequate drug treatment, and lack of adherence to the recommended drug therapy or to the device. In addition, physicians and patients tend to underestimate the intensity and frequency of respiratory symptoms, and the need to monitor the disease. Overall, the occurrence of inadequate physician-patient communication is the main factor that contributes to the lack of optimal control. The lack of adherence to therapy strongly impacts on the control of the disease. Indeed, the aim of inhaled therapy is to allow the medication to reach the target site. This can be attained by ensuring the penetration of the aerosolized particles into the lower respiratory tract, and the deposition of the drug along the bronchial tree. Obviously, the deposition of the drug should translate into functional and clinical benefits. Taken together, these conditions lead to the fact that the right choice of the (right) device becomes crucial. The devices differ in terms of technical design (required inspiratory flow rate, actuation), composition (characteristics of the propellant, carrier substances), dose per inhalation, and costs. In addition, major efforts have been devoted by the producer on the user-friendliness of the device [61] . The relative deposition pattern of the inhaled drug is the result of a complex interaction between the aerosol formulation and the device used. In the suspension formulation, the active drug is not-soluble in the propellant and remains as solid powder; therefore, suspension formulations need to be shaken before inhalation to allow uniform distribution of solid powder particles of the drug. It has been demonstrated that a significant proportion of patients do not shake properly the device or present with coordination problems [228] , resulting in variable amount of emitted drug in each aerosol puff. The occurrence of mistakes associpime pime pime pime p pi im me e EDITRICE N o n c o m m e r c i a l u s e o n l y ated with the inhalation procedures can be reasonably reduced by regular training and follow-up. Patients are not completely satisfied with physician behaviors, and often do not trust the pharmacological treatment. Therefore, the choice of the inhaler is the result of an alliance between the physician and the patient, who agree on the needs and expectations. Not all device can fit the patients' skills; as discussed below, the concomitant extra-pulmonary conditions and older ages can variably affect the ability to properly use the inhaler [229] . Another reason for the inadequate control of COPD has to be identified in the unsatisfactory collaboration between specialists and GPs. In this regard, a recent explorative investigation showed that implementing the collaboration between GPs and pulmonologists may enhance the diagnostic process towards COPD [230] . The so-called "COPD action" experience based on a pro-active approach to the individuals attending the primary care offices followed by an in-house intervention by specialists could serve as a model for larger interventional approaches to unveil undiagnosed chronic obstructive lung diseases. One of the gaps that needs to be filled is the implementation of the use of lung function assessment in individuals with suspected COPD and/or in the follow-up of subjects with an ascertain diagnosis of COPD. In this respect, although international guidelines recognize the use of spirometry as the gold standard for confirming the presence of irreversible airflow limitation and diagnosing COPD in reproducible, standardized, and objective way, only a proportion of GPs has been shown to use spirometric criteria to define COPD [231] .
COPD is characterized by the presence of comorbid conditions. Comorbidities have a potent influence on the therapeutic management of COPD. Due to the prevalence of early onset of comorbidities in COPD, an early treatment of the disease could be suggested to prevent the burden of comorbid conditions, even if further studies are still required to confirm the efficacy of this approach. For example, an increased risk of cardiovascular disorders has been recently documented in smoker subjects who are symptomatic but have not developed airway obstruction [232] . It has been suggested that the long-lasting exposure to smoke is the driving factor that initiates the inflammatory process both in the lungs and in the arteries, which in turn promotes the excess cardiovascular risk in chronic respiratory patients.
Clinical practice guidelines, the backbones of evidence-based medicine, are based upon the results of meta-analyses and randomized clinical trials (RCTs). In order to exclude potential confounding factors that may affect the results of the RCTs, restrictive inclusion/exclusion criteria are usually applied for recruitment of the sample. However, highly selected "pure" study populations might not be fully representative of larger, unselected, patients attending the outpatient clinics in the real-life setting. As a consequence, the extrapolation of the RCTs results to the everyday clinical practice could be potentially limited. In asthma, more than 40% of subjects with mild/moderate disease are currently treated by protocols based on the results of RCTs for which they would have not been eligible [233] . This proportion increases in elderly patient with comorbidities. In COPD, more than 80% of subjects with COPD are currently treated by protocols based on results of RCTs for which they would have not been eligible [234] . These findings limit the generalizability of RCTs and advocate for complementary pragmatic studies. 
